The disease risks from cigarette smoking increased in the United States over most of the 20th century, first among male smokers and later among female smokers. Whether these risks have continued to increase during the past 20 years is unclear.
T he disease risks from cigarette smoking increased over most of the 20th century in the United States as successive generations of first male and then female smokers began smoking at progressively earlier ages. American men began smoking manufactured cigarettes early in the 20th century; by the 1930s, the average age at initiation fell below 18 years. 1, 2 Relatively few women smoked regularly before World War II; their average age at initiation continued to decrease through the 1960s. Women were not included in the earliest prospective epidemiologic studies in the 1950s, 3-5 since mortality from lung cancer among women was not yet increasing in the general population. 6 The landmark 1964 U.S. Surgeon General's Report concluded only that "cigarette smoking is causally related to lung cancer in men." 7 Neither sex had yet experienced the full effects of smoking from adolescence throughout adulthood.
The first large, prospective study of smoking and mortality involving both women and men was Cancer Prevention Study I (CPS I), initiated by the American Cancer Society (ACS) in 1959. 8, 9 The relative risk of death from lung cancer during the first 6 years of follow-up among current smokers, as compared with persons who had never smoked, was 2.69 (95% confidence interval [CI], 2.14 to 3.37) for women and 11.35 (95% CI, 9.10 to 14.15) for men. 10 In 1982, the ACS initiated the second Cancer Prevention Study (CPS II), which included nearly 1.2 million men and women nationwide. 11 During the intervening 20 to 25 years, the relative risk of death from lung cancer had increased to 11.94 (95% CI, 9.99 to 14.26) for female smokers and to 22 .36 (95% CI, 17.77 to 28.13) for male smokers. 10, 12 Several factors may have altered the health risks incurred by smokers. Smoking patterns have changed. Women who began smoking in the 1950s or thereafter have smoked more like men than they did in previous generations (i.e., starting at an earlier age and smoking more heavily). 1 Daily cigarette consumption peaked during the 1970s among male smokers and during the 1980s among female smokers 13 ; smoking prevalence in the two groups has since decreased in parallel. Contemporary smokers have spent much of their lives smoking filtered cigarettes made of blended tobacco. 2, 14 Women have more difficulty quitting than men; thus, for both current and former female smokers, the number of years of smoking has increased. Male and female smokers today are less educated and less affluent than smokers were 20 to 40 years ago. 15 Since the 1950s, there has been a more rapid proportional decrease in the background risk of death from cardiovascular conditions among persons who have never smoked than among smokers. 16, 17 We calculated death rates and the relative risks associated with active cigarette smoking and smoking cessation during three time periods -1959-1965, 1982-1988, and 2000-2010 -using data from the two historical ACS cohorts (CPS I and CPS II) and pooled data from five contemporary cohort studies in the United States. [18] [19] [20] [21] [22] [23] A central question is whether the hazards for women are now approaching those for men as their lifetime smoking behaviors have become increasingly similar.
Me thods

Study Populations
Descriptions of the study populations are provided in the Supplementary Appendix, available with the full text of this article at NEJM.org. Because of the age distribution in the contemporary cohorts, analyses were restricted to participants who attained an age of 55 years or older during follow-up. CPS I analyses were based on 183,060 men and 335,922 women, enrolled in 1959 and followed through September 31, 1965 . CPS II analyses are based on 293,592 men and 452,893 women enrolled in 1982 and followed through December 31, 1988 Table S1 in the Supplementary Appendix). 23 These are among the largest U.S. cohort studies that collected updated smoking information at least once during the period from 2000 through 2010.
cigarettes in the various cohorts are described in the Supplementary Appendix. In CPS I and CPS II, we used only the information about smoking obtained at the time of enrollment, whereas in the contemporary cohort studies, we used updated information when available in time-dependent analyses. The frequency of updating varied across cohorts. Analyses of former smokers were restricted to those who had quit 2 or more years before the start of follow-up.
Follow-Up of Vital Status
We restricted the follow-up time for participants in the CPS I and CPS II to 6 years to minimize the effects of smoking cessation on mortality. Follow-up of the contemporary cohorts began on January 1, 2000, and ended on or before December 31, 2010. More detailed information about follow-up is provided in the Supplementary Appendix.
Statistical Analysis
We tabulated age-specific deaths, person-years at risk, and death rates according to smoking status in each of the contributing cohorts, pooling the data for the five contemporary cohorts. Death rates were standardized according to the U.S. age distribution in 2000. Cox proportional-hazards regression was used to calculate age-adjusted and multivariable-adjusted relative-risk estimates according to smoking status (former smokers and current smokers vs. those who never smoked), according to the intensity and duration of smoking among current smokers, and according to the age at the time of quitting among former smokers. Multivariable-adjusted analyses were stratified according to cohort and age at baseline (in 1959, 1982, or 2000) and were further adjusted according to race and educational level.
We performed sensitivity analyses to assess whether educational level modified the relationship of current or former smoking to each end point, using both stratified analyses and interaction terms. To assess whether the lack of fully updated smoking information in some cohorts or differences in the follow-up periods might have biased the observed associations, we compared the results from the CPS II Nutrition cohort according to the time when smoking status was recorded: at baseline, 2 years before the end of follow-up, or at the most recent update through 2005.
R e sult s
Study Populations
Most of the participants were white; the majority were married and had a higher level of education than the general population 24,25 (Table 1 ). In the contemporary cohorts, approximately half the participants had at least a college or nursingschool education. At least 20% of participants in all the cohorts had no education beyond high school, a proportion that allowed us to perform analyses stratified according to or adjusted for educational level. In the contemporary cohorts, the prevalence of current smoking decreased over time to 9.3% among men and 9.7% among women, findings that are consistent with trends in the educated general population. 26 More than half the current smokers in the contemporary cohorts reported smoking fewer than 20 cigarettes per day in 2000; about 25% had smoked for 50 or more years. Additional baseline characteristics are provided in Table S1 in the Supplementary Appendix.
Mortality
All Causes
Among the participants who had never smoked, the age-standardized rates of death from any cause were approximately 50% lower in the contemporary period than in the 1959-1965 period for both sexes (Tables 2 and 3 ). In contrast, there was no temporal decrease in the all-cause death rate among women who were current smokers ( Table 2 ) and there was a 23.6% decrease among men who were current smokers (Table 3) . Thus, the age-standardized relative risk for death from all causes among current smokers, as compared with those who had never smoked, increased across all three time periods, with a relative risk of 2.80 (95% CI, 2.72 to 2.88) for male smokers and 2.76 (95% CI, 2.69 to 2.84) for female smokers in the contemporary cohorts. The age-specific relative-risk estimates exceeded 3.00 for male current smokers who were 55 to 74 years of age and equaled or exceeded 3.00 for female current smokers who were 60 to 74 years of age ( Table S2 in the Supplementary Appendix).
Lung Cancer
Among the participants who had never smoked, the age-standardized rate of death from lung cancer remained constant for men ( increased slightly for women ( Table  3 ) before stabilizing in the period after the 1980s. Only the two oldest age groups of male smokers had any increase in the rate of death from lung cancer from the 1982-1988 period to the contem-porary period ( Fig. 1 ); these age groups represent birth cohorts from 1900 to 1929 ( Fig. S1 in the Supplementary Appendix). Absolute lung-cancer mortality was higher for men than for women in all three periods, irrespective of smoking status. However, in the contemporary period, the point estimates for the relative risk of death from lung cancer among current smokers, as compared with those who had never smoked, were virtually identical for men and women: 24.97 (95% CI, 22.20 to 28.09) and 25.66 (95% CI, 23.17 to 28.40), respectively (Tables 2 and 3 ).
Chronic Obstructive Pulmonary Disease
Among the participants who had never smoked, the age-standardized rate of death from chronic obstructive pulmonary disease (COPD) remained relatively constant for women ( Table 2 ) but decreased by approximately 45% for men from the 1982-1988 period to the contemporary period (Table 3 ). In contrast, mortality increased for both male and female smokers across all three periods (Tables 2 and 3 and Fig. 1 ). The largest absolute increase in COPD mortality occurred among male smokers after the 1980s, affecting all smokers who were 55 years of age or older ( Fig. 1 ) and all birth cohorts from 1900 through at least 1954 ( Fig. S1 in the Supplementary Appendix). The multivariableadjusted relative risk of death from COPD among male smokers more than doubled from the 1982-1988 period (9.98 [95% CI, 7.97 to 12.49]) to the contemporary period (25.61 [95% CI, 21.68 to 30.25]) ( Table 3 ). Approximately half this increase reflected the lower background death rate among men in the contemporary period who had never smoked, as compared with those in the 1982-1988 period. The relative risk for female smokers also more than doubled over this period, from 
Cardiovascular Diseases
Among participants who had never smoked, the combined rates of death from ischemic heart dis-ease, other types of heart disease, and any type of stroke decreased from the 1959-1965 period to the contemporary period by 79% among women (Table 2 ) and by 74% among men (Table 3) . These decreases were proportionately larger than those seen in the current smokers; consequently, the relative-risk estimates associated with current smoking increased for all three cardiovascular end points. In the contemporary cohorts, the relative risk for death from ischemic heart disease for current smokers, as compared with those who never smoked, was 2.86 (95% CI, 2.65 to 3.08) for women ( Table 2 ) and 2.50 (95% CI, 2.34 to 2.66) for men ( Table 3 ). The relative risk of death from ischemic heart disease exceeded 3.00 among male and female current smokers who were 55 to 74 years of age ( Table S2 in the Supplementary Appendix) . Hence, two thirds of the deaths due to ischemic heart disease among smokers in the contemporary cohorts were attributable to their smoking.
Mortality According to Intensity and Duration of Current Smoking
The relative risks of death from lung cancer, death from COPD, and death from any cause among current smokers, as compared with those who had never smoked, increased according to the number of cigarettes smoked per day and the number of years of smoking during all three periods, although the relationships were less consistent for the cardiovascular end points (Tables S3,  S4 , and S5 in the Supplementary Appendix). Differences in these variables reported at the start of follow-up did not explain the increases from the 1980s (CPS II) to the contemporary period in rates of death from lung cancer and COPD among female smokers and the rate of death from COPD among male smokers. Even within each stratum of smoking intensity and duration, the relativerisk estimates increased over time.
Mortality among Former Smokers
Former smokers of both sexes in the CPS II and contemporary cohorts had lower age-standardized rates of death and relative risks of death than did current smokers, for all the end points studied (Tables 2 and 3 ). The rates of death from cardiovascular conditions among men and women who were former smokers decreased significantly from the 1960s to the contemporary period, but the rates of death from lung cancer and COPD increased among women. Former smokers who had stopped smoking at earlier ages had progressively lower relative risks of death from lung cancer and COPD, as compared with current smokers in the contemporary cohorts ( Fig. 2, and Table S6 in the Supplementary Appendix). Those who quit smoking by 40 years of age avoided nearly all the excess smoking-related deaths from these conditions; even those who quit smoking before 60 years of age had a lower relative risk than those who did not quit but smoked fewer than 10 cigarettes per day. Strong inverse relationships were also observed between years since quitting and deaths from these end points (Tables S6  through S13 in the Supplementary Appendix).
Sensitivity Analyses
Educational level significantly modified the association of current and former smoking with some of the mortality end points in the contemporary cohorts (P = 0.05) ( Table S14 in the Supplementary Appendix). In general, the estimated relative risks for current and former smokers with only a high-school education or less were similar to or larger than the estimates for current and former smokers who were college graduates. This was consistently true with respect to the relative risks of death from COPD and ischemic and other heart diseases for women and former smokers but not for male current smokers. The timing of information on smoking status also affected the association between current smoking and certain end points, but the changes were small; in most cases, analyses based on fully updated smoking information underestimated the associations when smoking status was documented at baseline or 2 years before death or the end of followup for women and men (Tables S15 and S16, respectively, in the Supplementary Appendix).
Discussion
Our study of cohorts from three time periods provides a 50-year perspective on the evolution of smoking-related risks in the United States. We highlight five important findings. First, the relative and absolute risks of death from smoking continue to increase among female smokers; the relative risks of death from lung cancer, COPD, ischemic heart disease, any type of stroke, and all causes are now nearly identical for female and male smokers. This finding is new and confirms the prediction that, in relative terms, "women who smoke like men die like men." 27 Convergence of the relative risks for men and women results from the convergence of smoking patterns among men and women since the 1960s 28,29 and the aging of birth cohorts with the heaviest lifetime history of smoking. The risk of death from lung cancer among male smokers appears to have stabilized since the 1980s, whereas it continues to increase among female smokers. Second, we found that for men 55 to 74 years of age and for women 60 to 74 years of age, the rate of death from all causes combined is now at least three times as high among current smokers as among those who have never smoked. This finding parallels and extends the findings in the British Doctors' Study, 30 the Million Women Study, 31 and the U.S. National Health Interview Survey. 32 These studies show that more than two thirds of all deaths among current smokers in these age groups are associated with smoking.
Third, the rate of death from COPD continues to increase among both male and female smokers in contrast to a significant decrease in risk among men who never smoked. This increase is not simply a function of aging, since it affects male smokers 55 years of age or older and female smokers 60 years of age or older. Nor can it be explained by differences in the average duration of smoking or the number of cigarettes smoked per day, since daily consumption was actually lower in the contemporary cohorts than in the CPS II cohort, and the average duration of smoking did not change significantly at any age. The ability to diagnose COPD has improved over time, 33 but this would probably affect the number of prevalent cases more than the number of deaths for which COPD is considered to be the underlying cause of death. A plausible explanation for the continuing increase in deaths from COPD among male smokers is that cigarettes marketed since the late 1950s have undergone design changes that promote deeper inhalation of smoke. 34 For example, the introduction of blended tobacco and genetic selection of tobacco plants lowered the pH of smoke; as a result, inhalation was easier and deeper inhalation was needed for the absorption of protonated nicotine. 35 Other design changes, such as the use of more porous wrapping paper and perforated filters, also diluted the smoke. Deeper inhalation of more dilute smoke increases exposure of the lung parenchyma. These and other design changes in cigarettes may also have contributed to the shift, beginning in the 1970s, in the histologic and topographic features of lung cancers in male smokers, 36 with an increase in the incidence of peripheral adenocarcinomas that largely offset the decrease in squamous-cell and smallcell cancers of the central airways. The likely net effect of deeper inhalation on COPD could be wholly detrimental, since COPD results from injury to the lung parenchyma. Fourth, our analyses of data from former smokers confirm that quitting smoking at any age dramatically lowers mortality from all major smoking-related diseases. As reported previously, nearly all the excess risk can be avoided if a person quits smoking before 40 years of age. 17, 31, 32 Quitting smoking is much more effective than reducing the number of cigarettes smoked.
Finally, our analyses according to educational level show that the relative-risk estimates associated with current and former smoking among smokers with only a high-school education are generally similar to or larger than those among smokers who are college graduates. Only among male current smokers were the relative-risk estimates for ischemic and other heart disease significantly lower in the least-educated group. Hence, the relative-risk estimates presented here will in general correspond to those in a lesseducated population. Similarly, differences in the time when information on smoking was obtained in the contemporary cohorts will not appreciably affect the results.
The strengths of our study include its size, prospective design, national scope, and 50-year time span. Our results provide estimates of temporal changes in cause-specific mortality and the contemporary risks from smoking in the United States. Its limitations are that it principally represents whites, 50 years of age or older, who were born between 1870 and 1954. We could not assess risks among younger contemporary smokers. Most current smokers in the contemporary cohorts had smoked for at least 30 years, limiting the range over which we could examine the influence of the duration of smoking.
In conclusion, there have been large, persistent increases in the risks of smoking-related deaths among female cigarette smokers over the past half century; in relative terms, the risks for women now equal those for men. The risks among male smokers have plateaued at the high levels of the 1980s, except for a continuing, unexplained increase in deaths from COPD.
